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Background: An accurate diagnosis for staging osteonecrosis of the femoral head (ONFH), particularly in
early-stage collapse, is essential for determining therapeutic strategies. Various radiographic views in
different femoral positions have been used to detect femoral head collapse. However, previous studies
have not established the optimal femoral position that can sensitively detect initial collapse on plain
radiography. This study aimed to identify the most sensitive radiographic view for visualizing collapse in
early-stage ONFH by analyzing reconstructed frontal images of the femoral head at multiple femoral
positions on computed tomography (CT).
Methods: This study included 30 hips with early-stage ONFH (10 hips without collapse and 20 hips with
collapse [< three mm] based on the anteroposterior and lateral radiographic images). The presence or
absence of collapse in 10 reconstructed frontal images of the femoral head on CT scans, corresponding to
10 different femoral positions, was classified. Furthermore, the ability to detect collapse in each image
was compared.
Results: The reconstructed frontal image of the femoral head on CT scans at 45° flexion and 20°
abduction had the highest sensitivity for detecting collapse among the analyzed positions. Hence, it had a
significantly greater sensitivity than the neutral position (86 versus 53%, P < 0.01). Of 70% who did not
present with collapse on plain radiography had collapse on the reconstructed frontal image at 45° flexion
and 20° abduction.
Conclusions: The plain radiographic image taken at 45° flexion and 20° abduction, referred to as the 45°
Dunn view, had a greater diagnostic potential for early collapse in ONFH compared with the ante-
roposterior radiographic image. Nevertheless, further research should be performed to comprehensively
investigate the areas where collapse occurs in ONFH and to identify the most effective femoral position
for detecting collapse on plain radiography.
© 2025 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC license
(http://creativecommons.org/licenses/by-nc/4.0/).
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Osteonecrosis of the femoral head (ONFH) causes acute hip pain
in the early stages and leads to progressive collapse of the femoral
head with joint destruction in the late stages. Joint-preserving
procedures are conducted in the early stages. Meanwhile, total
hip arthroplasty (THA) is performed for more advanced stages of
ONFH, which is characterized by collapse or a fracture of the
necrotic portion. The extent of collapse influences the clinical
outcomes of various joint-preserving procedures [1]. Recent
research has focused on early diagnosis and minimally invasive
intervention combined with growth factors [1-5]. Therefore, ac-
curate disease staging, particularly in the early stages, is essential to
determine appropriate therapeutic strategies.

Plain radiography is still the cornerstone for the diagnostic
evaluation of ONFH, and it underpins several well-known classifi-
cation systems [6,7]. Most necrotic lesions are located in the
superior-anterior area of the femoral head, where initial sub-
chondral fractures often occur [8]. To effectively visualize collapse
in this region, several lateral radiographic views in different
femoral positions have been used.

However, the optimal femoral position with the highest sensi-
tivity for visualizing initial collapse on plain radiography is yet to be
determined. Therefore, it is important to assess which radiographic
view allows for the early detection of femoral head collapse.

This study aimed to identify the most sensitive position for
visualizing collapse in early-stage ONFH by using the reconstructed
frontal plane of the femoral head on computed tomography (CT)
scans at multiple femoral positions for radiographic views.

Materials and Methods

The ethics committee of our institution approved this study. All
procedures involving human participants were performed in
accordance with the ethical standards of the institutional research
committee of our institution and the 1964 Declaration of Helsinki
and its later amendments or comparable ethical standards.

Participants

The participants were identified using a prospectively main-
tained registry of hip arthroplasty at our institution from January 1,
2015 to January 1, 2024. All patients underwent preoperative CT
scans as part of a protocol for hip arthroplasty planning. The plain
radiographic and magnetic resonance images and medical records
of the participants who underwent primary THA for ONFH were

reviewed. A THA was indicated for patients experiencing unbear-
able and persistent pain. Patients who have late-stage ONFH clas-
sified as stage 3B (collapse > three mm) and stage 4 (osteoarthritis)
by the Japanese Investigation Committee (JIC) were excluded from
the analysis [7,9]. In total, 30 hips from 28 patients who underwent
primary THA for hip pain attributed to early-collapsed stage ONFH
(eight and 20 hips from women and men, respectively; mean age 50
years) were reviewed. The cohort comprised 10 hips with pre-
collapse stage ONFH classified as JIC stage 2 (demarcating sclerosis
without collapse) and 20 hips classified as JIC stage 3A (collapse <
three mm) based on the antero-posterior (AP) and lateral views of
plain radiography. The lateral view of the femoral head was taken in
the AP direction while the patient was in the supine position with
the hip in 90° flexion and 45° abduction, according to the Sugioka
method [10]. The location of the necrotic lesion was classified as
type C1 in 15 hips and type C2 in 15 hips according to the JIC
classification [7,9]. This classification is based on the central coronal
section of the femoral head on T1-weighted images. Both type C1
and C2 lesions occupy more than the medial two-thirds of the
weight-bearing portion. However, type C2 lesions extend laterally
to the acetabular edge and type C1 lesions do not. The risk factors
were corticosteroid-associated in 21 hips and alcohol-associated in
nine hips.

In all participants, the CT scan images of the whole femur were
acquired using a helical scanner with a slice thickness of 1.25 to 2.5
mm. The CT scan images of 30 femurs were evaluated. All images
were reviewed, and the presence or absence of femoral head
collapse was assessed by experienced orthopaedic surgeons.
Collapse on CT scan was defined as step-off, flattening, or breach of
the articular surface [11,12] (Figure 1).

Definition of the Analyzed Radiographic View at 10 Femoral
Positions

To establish multiple femoral positions, a femoral coordinate
system was defined. The posterior condylar plane [13,14] was
defined using the most posterior point of the trochanteric region of
the femur and the medial and lateral posterior condyles as the
coronal plane [15]. The vertical axis was defined by projecting a line
via the femoral head center and the knee center on the posterior
condylar plane. The most distal end of the intercondylar notch was
defined as the knee center (Figure 2).

This study assumed 10 radiographic views by reconstructing CT
scan images as follows: To simulate the standard AP radiographic
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Figure 1. The presence of collapse, defined as step-off, flattening, and breaching of the articular surface, was determined in the reconstructed frontal plane, which included the

femoral head center on the computed tomography scan image.
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Figure 2. The neutral position of the femur was aligned using the femoral posterior
condylar coordinate system, which was defined by the posterior condylar plane and
the line passing through the femoral head center and the most distal end of the
intercondylar notch. (A) Anteroposterior view. (B) Mediolateral view.

view acquired when the femur was in the neutral position, the
frontal image including the femoral head center with zero position
in the femoral coordinate system was examined, and the presence
or absence of femoral head collapse was classified.

For the AP radiographic view acquired at 45° hip flexion, the
craniocaudal axis on the sagittal image, including the femoral head
center at the zero position, was rotated 45° in the extension

direction. Consequently, the reconstructed frontal image was
changed to represent the AP radiographic view at 45° hip flexion
(Figure 3).

To simulate the AP radiographic view at 45° hip flexion com-
bined with 20° hip abduction, the craniocaudal axis in the frontal
image, including the femoral head center at the zero position, was
initially rotated at a 20° angle in the adduction direction. Then, the
cranio-caudal axis in the reconstructed sagittal image was rotated
at a 45° angle in the extension direction. This reconstructed frontal
image represented the AP radiographic view at 45° hip flexion
combined with 20° hip abduction (Figure 3).

For the AP radiographic view at 30° hip external rotation, the
mediolateral axis in the transverse image, including the femoral
head center at the zero position, was initially rotated at a 30° angle
in the internal rotation direction. As a result, the reconstructed
frontal image changed to represent the AP radiographic view at 30°
hip external rotation.

In total, 10 femoral positions were simulated: neutral position
(neutral), 45° hip flexion (Flex45), 45° flexion combined with 20°
abduction (Flex45/Abd20), 45° flexion combined with 45° abduc-
tion (Flex45/Abd45), 90° flexion (Flex90), 90° flexion combined
with 20° abduction (Flex90/Abd20), 90° flexion combined with 45°
abduction (Flex90/Abd45), 30° hip external rotation (ER30), 60°
external rotation (ER60), and 90° external rotation (ER90)
(Figures 3 through 5).

The presence or absence of femoral head collapse was classified
in the 10 reconstructed frontal images, each representing the
assumed radiographic views, including neutral, Flex45, Flex45/
Abd20, Flex45/Abd45, Flex90, Flex90/Abd20, Flex90/Abd45, ER30,
ER60, and ER90 [11,12] (Figure 1).

Data Analyses
The number of collapses observed in each view was tabulated,

and the McNemar test was used to determine statistically signifi-
cant differences in diagnostic performance between each view and

Figure 3. The analyzed reconstructed mid-frontal planes at following femoral positions: (A) the neutral position (neutral), (B) 45° hip flexion (Flex45), (C) 45° flexion combined
with 20° abduction (Flex45/Abd20), and (D) 45° flexion combined with 45° abduction (Flex45/Abd45).
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Figure 4. The analyzed reconstructed mid-frontal planes at the following femoral positions: (A) 90° flexion (Flex90), (B) 90° flexion combined with 20° abduction (Flex90/Abd20),
and (C) 90° flexion combined with 45° abduction (Flex90/Abd45).

the neutral view (P < 0.01). We also analyzed the number of col-
lapses observed in the neutral view combined with the Flex90/ views across 10 hips, the interobserver reproducibility for classifi-
Abd45 view, which is usually evaluated in the clinical situation cation was evaluated by two independent orthopaedic surgeons
[7,9]. Subanalyses of stages 2 and 3A collapse were also conducted. (H.H. and R.H.) using Kappa coefficients. The intraobserver

After classifying the presence or absence of collapse on the 10

Figure 5. The analyzed reconstructed mid-frontal planes at the following femoral positions: (A) 30° hip external rotation (ER30), (B) 60° external rotation (ER60), and (C) 90°
external rotation (ER90).
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reproducibility for two measurements obtained by a single inves-
tigator (H.H.) was also assessed. The kappa value estimations for
interobserver and intraobserver reproducibility were defined as
follows: poor, < 0.2; mild, 0.2 to 0.4; moderate, 0.4 to 0.6; good, 0.6
to 0.8; and excellent, 0.8 to 1 [16]. The kappa values for intra-
observer and interobserver reproducibility were 0.861 and 0.781,
respectively, which indicated good to excellent agreement. The
Statistical Package for the Social Sciences software was used in the
statistical analysis (IBM Inc., Tokyo, Japan).

Results
Femoral Position that can Sensitively Visualize Collapse in ONFH

Firgue 6 shows the incidence of visualizing collapse in each
view. Collapse was observed in 16 hips (53%) at neutral, 26 hips
(86%) at Flex45/Abd20, 22 hips (73%) at Flex45/Abd45, 17 hips (56%)
at Flex90/Abd20, 16 hips (53%) at Flex90/Abd45, and 20 hips (67%)
at neutral combined with Flex90/Abd45. Flex45/Abd20 had a
significantly higher ability to detect collapse than neutral (P < 0.01).

Figrue 7 shows the incidence of visualizing JIC stages 2 and 3A
collapse. In the stage 2 analysis, 70% of the participants who did not
present with collapse on plain radiographic images (JIC stage 2) had
collapse at Flex45/Abd20 on CT scan. Meanwhile, 90% of the par-
ticipants who did not present with collapse on plain radiographic
images had collapse at the overall view on CT scan. In both stages,
there was no significant difference in the ability to visualize
collapse across all views compared with neutral.

Discussion

An accurate diagnosis for staging ONFH, particularly in early-
stage collapse, is essential for determining appropriate therapeu-
tic strategies. Plain radiography remains the mainstay for assessing
the contour of the subchondral bone of the femoral head. Various
radiographic views in different femoral positions have been used to
detect femoral head collapse. However, previous studies have not
established the optimal femoral position that sensitively visualizes
collapse in early-stage ONFH on plain radiography. Our findings
showed that the reconstructed frontal image of the femoral head on
CT scan, assuming 45° flexion combined with 20° abduction, had
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the highest sensitivity for detecting collapse, which is significantly
greater than the neutral position. Notably, 70% of participants who
did not present with collapse on plain radiography (JIC stage 2) had
collapse in the reconstructed frontal image at 45° flexion combined
with 20° abduction.

Femoral Position that can Sensitively Visualize Collapse in ONFH on
Plain Radiography

In clinical practice, several radiographic views of the proximal
femur, including the AP view, lateral view according to the Sugioka
method, and frog leg view, have been used to detect femoral head
collapse [7,10,17,18]. However, to our knowledge, no study has
compared femoral positions that can sensitively visualize initial
collapse in ONFH on plain radiography. The present study examined
10 femoral positions, combining 0, 45, and 90° flexion; 0, 20, and
45° abduction; and 30, 60, and 90° external rotation. Among these
positions, the reconstructed frontal image at 45° flexion combined
with 20° abduction was the most effective for detecting collapse,
and it significantly outperformed the neutral position. Thus, the
plain radiographic image taken at 45° flexion combined with 20°
abduction, commonly known as the 45° Dunn view, can have a
sensitive diagnostic potential for early ONFH collapse compared
with the standard AP view.

Most necrotic zones are found in the superior-anterior segment
of the femoral head, where collapse typically occurs first. Previous
micro-CT scan studies have shown that initial subchondral frac-
tures were more likely to appear in the superior-anterior 30 and
45° planes during the early collapse stage [8]. Therefore, observing
the femoral head contour in the superior-anterior 45° area is
effective for detecting early-stage collapse in ONFH [17]. This could
be the reason why the views at 90° flexion combined with
abduction showed limited visualization of collapse. The frog-leg
view, taken at 45° flexion combined with abduction and external
rotation, is another common radiographic method for identifying
collapse in ONFH. Meyer et al. compared six radiographic views.
Results showed that the Dunn 45° view had the best femoral head
asphericity. Meanwhile, the AP view was more likely to miss it [19].
Similarly, Uemura et al. found that the contour of the superior-
anterior area at approximately 45° of the femoral head was better
visualized in the 45° Dunn view [20]. Other studies have also
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Figure 6. The incidence of visualizing collapse in each view is shown. The ability to detect collapse at 45° flexion combined with 20° abduction was significantly higher than that at

neutral view (*P < 0.01). Flex, flexion; Abd, abduction; ER, external rotation.
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Figure 7. The incidence of visualizing Japanese Investigation Committee stages 2 and 3A collapse in each view. In the stage 2 analysis, 70% of the participants who had precollapse
on plain radiography had collapse at 45° flexion combined with 20° abduction view. In both stages, there was no significant difference in the ability to visualize collapse between all

views and the neutral view. Flex, flexion; Abd, abduction; ER, external rotation.

revealed that the Dunn view is optimal for visualizing the superior-
anterior region of the femoral neck, which is often altered by the
cam morphology [21,22]. To diagnose painful hip conditions such as
ONFH and femoro-acetabular impingement, a plain radiographic
view in the 45° flexion and abduction position may be reasonable in
addition to the AP view [23].

Effective Methods for Detecting Early Collapse in ONFH on CT Scan
Images

Despite its limitations in versatility and radiation exposure, CT
scans excel in detecting small lesions, including early ONFH
collapse [24]. It is a sensitive method for identifying subchondral
fractures of the femoral head and for providing a clear outline of the
subchondral bone [11,24—26]. Previous studies have shown that CT
scans, like magnetic resonance imaging, are essential for more ac-
curate disease staging [12,27,28]. Notably, approximately 20% of the
hips with stages I or Il ONFH based on the Association Research
Circulation Osseous classification on plain radiography had stage III
ONFH on CT scan [28]. The CT scan is more effective in detecting
subchondral fractures in ONFH than plain radiography. Our study
showed that 70% of the participants who did not present with
collapse on plain radiography exhibited collapse at 45° flexion
combined with 20° abduction on CT scan. Furthermore, 90% of the
hips presented with collapse across all 10 views. Specific recon-
structed images focusing on the anterior-superior area of the
femoral head had superior sensitivity for detecting early collapse
compared with frontal plane images. Thus, observing the anterior-
superior cross-sectional image of the femoral head on a CT scan can
be an efficient approach for detecting early ONFH collapse.

Potential Limitations

This study had several potential limitations. Actual plain
radiographic images in various femoral positions were not evalu-
ated. In clinical settings, variations in patient positioning during
radiograph acquisition cannot be avoided. The current CT scan
simulation study allowed for an accurate and reproducible assess-
ment of multiple femoral positions. Nevertheless, further research
should evaluate actual radiographic results. Also, the limited

number of participants and the analysis of femoral positions might
have restricted the findings. Furthermore, in addition to the 10
positions analyzed, other femoral positions could be more sensitive
in detecting ONFH collapse. Therefore, further studies should be
performed to comprehensively investigate areas where ONFH
collapse is likely to occur and to identify the most effective femoral
positions for plain radiography.

Conclusions

This study aimed to provide guidance on selecting the most
effective radiographic view for detecting femoral head collapse in
ONFH. Results showed that the femoral position at 45° flexion and
20° abduction can facilitate a more sensitive visualization of
collapse compared with the neutral position. Therefore, plain
radiography with the 45° Dunn view has a significant diagnostic
potential for identifying ONFH collapse compared with standard AP
radiography. Nevertheless, further research should be performed to
comprehensively investigate areas where ONFH collapse is likely to
occur and to identify the most effective femoral position for
detecting this condition on plain radiography.

CRediT authorship contribution statement

Hidetoshi Hamada: Writing — original draft, Visualization,
Methodology, Formal analysis, Data curation, Conceptualization.
Kazuma Takashima: Writing — review & editing, Validation, Data
curation. Ryo Higuchi: Validation, Methodology, Data curation.
Wataru Ando: Writing — review & editing, Data curation. Nobu-
hiko Sugano: Writing — review & editing, Supervision. Keisuke
Uemura: Writing — review & editing, Supervision, Methodology,
Data curation.

References

[1] Mont MA, Salem HS, Piuzzi NS, Goodman SB, Jones LC. Nontraumatic osteo-
necrosis of the femoral head: where do we stand today?: a 5-year update.
J Bone Joint Surg Am 2020;102:1084—99.

[2] Petek D, Hannouche D, Suva D. Osteonecrosis of the femoral head: patho-
physiology and current concepts of treatment. EFORT Open Rev 2019;4:
85-97.


http://refhub.elsevier.com/S0883-5403(25)00586-8/sref1
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref1
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref1
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref1
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref2
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref2
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref2
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref2

(3]
[4

(5

[6

(7

[8

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

H. Hamada et al. / The Journal of Arthroplasty 40 (2025) S27—S33

XuY,Jiang Y, Xia C, Wang Y, Zhao Z, Li T. Stem cell therapy for osteonecrosis of
femoral head: opportunities and challenges. Regen Ther 2020;15:295—304.
Maruyama M, Lin T, Pan CC, Moeinzadeh S, Takagi M, Yang YP, Goodman SB.
Cell-based and scaffold-based therapies for joint preservation in early stage
osteonecrosis of the femoral head: a review of basic research. JBJS Rev
2019;7:e5.

Hua KC, Yang XG, Feng JT, Wang F, Yang L, Zhang H, Hu YC. The efficacy and
safety of core decompression for the treatment of femoral head necrosis: a
systematic review and meta-analysis. ] Orthop Surg Res 2019;14:306.

Arlet ], Ficat P. Non-traumatic avascular femur head necrosis. New methods of
examination and new concepts. Chir Narzadow Ruchu Ortop Pol 1977;42:269.
Sugano N, Atsumi T, Ohzono K, Kubo T, Hotokebuchi T, Takaoka K. The 2001
revised criteria for diagnosis, classification, and staging of idiopathic osteo-
necrosis of the femoral head. ] Orthop Sci 2002;7:601—5.

Hamada H, Takao M, Sakai T, Sugano N. Subchondral fracture begins from the
bone resorption area in osteonecrosis of the femoral head: a micro-
computerised tomography study. Int Orthop (Sicot) 2018;42:1479—84.

Ando W, Sakai T, Fukushima W, Kaneuji A, Ueshima K, Yamasaki T, et al.
Japanese Orthopaedic Association 2019 Guidelines for osteonecrosis of the
femoral head. ] Orthop Sci 2021;26:46—68.

Sugioka Y, Katsuki I, Hotokebuchi T. Transtrochanteric rotational osteotomy of
the femoral head for treatment of osteonecrosis. Follow-up statistics. Clin
Orthop 1982;169:115—-26.

Stevens K, Tao C, Lee SU, Salem N, Vandevenne ], Cheng C, et al. Subchondral
fractures in osteonecrosis of the femoral head: comparison of radiography, CT,
and MR imaging. Am ] Roentgenology 2003;180:363—8.

Koo KH, Mont MA, Cui Q, Hines JT, Yoon BH, Novicoff WM, et al. The 2021
association research circulation osseous classification for early-stage osteo-
necrosis of the femoral head to computed tomography—based study.
] Arthroplasty 2022;37:1074—82.

Kingsley PC, Olmsted KL. A study to determine the angle of anteversion of the
neck of the femur. ] Bone Joint Surg Am 1948;30-A:745—51.

Takao M, Sakai T, Hamada H, Sugano N. Pelvic and femoral coordinates and
implant alignment representations in THA. In: Sugano N, editor. Computer
assisted orthopaedic surgery for hip and knee. Singapore: Springer Singapore;
2018. p. 75—88.

Sugano N, Takao M, Sakai T, Nishii T, Miki H, Nakamura N. Comparison of
mini-incision total hip arthroplasty through an anterior approach and a
posterior approach using navigation. Orthop Clin North Am 2009;40:365—70.
https://doi.org/10.1016/j.0cl.2009.04.003.

Landis JR, Koch GG. The measurement of observer agreement for categorical
data. Biometrics 1977;33:159—74.

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

S33

Choi HR, Steinberg ME, Cheng EY. Osteonecrosis of the femoral head: diag-
nosis and classification systems. Curr Rev Musculoskelet Med 2015;8:
210-20.

Wei QS, He MC, He XM, Lin TY, Yang P, Chen ZQ, et al. Combining frog-leg
lateral view may serve as a more sensitive X-ray position in monitoring
collapse in osteonecrosis of the femoral head. ] Hip Preservation Surg 2022;9:
10-7.

Meyer DC, Beck M, Ellis T, Ganz R, Leunig M, Leunig M. Comparison of six
radiographic projections to assess femoral head/neck asphericity. Clin Orthop
Relat Res 2006;445:181-5.

Uemura K, Atkins PR, Anderson AE, Aoki SK. Do your routine radiographs to
diagnose cam femoroacetabular impingement visualize the region of the
femoral head-neck junction you intended? ] Arthroscopic Relat Surg 2019;35:
1796—806.

Hipfl C, Titz M, Chiari C, Schopf V, Kainberger F, Windhager R, Domayer S.
Detecting cam-type deformities on plain radiographs: what is the optimal
lateral view? Arch Orthop Trauma Surg 2017;137:1699—705.

Saito M, Tsukada S, Yoshida K, Okada Y, Tasaki A. Correlation of alpha angle
between various radiographic projections and radial magnetic resonance
imaging for cam deformity in femoral head-neck junction. Knee Surg Sports
Traumatol Arthrosc 2017;25:77—83.

Matache BA, Belzile EL, Ayeni OR, Garie L, Degen RM, Goudie R, et al. Man-
agement of labral tears in the hip: a consensus statement. Orthop ] Sports
Med 2025;13:23259671241305409. https://doi.org/10.1177/232596712413
05409.

Pierce TP, Jauregui JJ, Cherian JJ, Elmallah RK, Mont MA. Imaging evaluation of
patients with osteonecrosis of the femoral head. Curr Rev Musculoskelet Med
2015;8:221-7.

Mitchell DG, Kressel HY, Arger PH, Dalinka M, Spritzer CE, Steinberg ME.
Avascular necrosis of the femoral head: morphologic assessment by MR im-
aging, with CT correlation. Radiology 1986;161:739—42.

Yeh LR, Chen CK, Huang YL, Pan HB, Yang CF. Diagnostic performance of MR
imaging in the assessment of subchondral fractures in avascular necrosis of
the femoral head. Skeletal Radiol 2009;38:559—64.

Jordan E, Varady NH, Hosseinzadeh S, Smith S, Chen AF, Mont M, lorio R.
Femoral head osteonecrosis: computed tomography not needed to identify
collapse when using the association research circulation osseous staging
system. Arthroplast Today 2023;24:101244. https://doi.org/10.1016/
j.artd.2023.101244.

Lee B, Lim JY, Lee DM, Park JW, Lee YK, Ha YC, Koo KH. Computed tomography
staging of osteonecrosis of the femoral head. Surg Technol Int 2019;35:
417-21.


http://refhub.elsevier.com/S0883-5403(25)00586-8/sref3
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref3
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref3
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref4
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref4
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref4
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref4
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref5
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref5
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref5
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref6
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref6
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref7
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref7
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref7
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref7
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref8
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref8
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref8
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref8
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref9
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref9
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref9
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref9
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref10
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref10
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref10
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref10
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref11
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref11
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref11
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref11
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref12
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref12
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref12
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref12
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref12
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref12
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref13
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref13
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref13
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref14
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref14
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref14
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref14
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref14
https://doi.org/10.1016/j.ocl.2009.04.003
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref16
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref16
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref16
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref17
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref17
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref17
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref17
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref18
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref18
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref18
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref18
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref18
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref19
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref19
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref19
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref19
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref20
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref20
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref20
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref20
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref20
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref21
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref21
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref21
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref21
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref21
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref22
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref22
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref22
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref22
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref22
https://doi.org/10.1177/23259671241305409
https://doi.org/10.1177/23259671241305409
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref24
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref24
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref24
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref24
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref25
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref25
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref25
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref25
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref26
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref26
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref26
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref26
https://doi.org/10.1016/j.artd.2023.101244
https://doi.org/10.1016/j.artd.2023.101244
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref28
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref28
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref28
http://refhub.elsevier.com/S0883-5403(25)00586-8/sref28

	Which Radiographic View Visualizes the Initial Collapse in Osteonecrosis of the Femoral Head? A Computed Tomography Scan Study
	Materials and Methods
	Participants
	Definition of the Analyzed Radiographic View at 10 Femoral Positions
	Data Analyses

	Results
	Femoral Position that can Sensitively Visualize Collapse in ONFH

	Discussion
	Femoral Position that can Sensitively Visualize Collapse in ONFH on Plain Radiography
	Effective Methods for Detecting Early Collapse in ONFH on CT Scan Images
	Potential Limitations

	Conclusions
	CRediT authorship contribution statement
	References


